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1Abstract. We have determined the mass function of
loose groups of galaxies in the Las Campanas Redshift
Survey. Loose groups of galaxies in the LCRS range in
mass from M  1012M to 1015M. We nd that the
sample is complete for masses in the interval 8  1013 −
8  1014 M. In this interval the mass function of LCRS
loose groups is close to that found by Girardi et al. (1998).
Comparison of the observed mass function with theoretical
mass functions obtained from N-body simulations shows
good agreement with a CDM model with density parame-
ters Ωm = 0.3, ΩΛ = 0.7 and the amplitude of pertur-
bations σ8 = 0.78. For smaller masses the mass func-
tion of LCRS loose groups flattens out, diering consid-
erably from the group mass function found by Girardi
and Giuricin (2000) and from mass functions obtained by
numerical simulations. We suspect that this flattening is
due to incompleteness in the LCRS loose group catalogue
caused by selection eects, although we cannot fully dis-
count the possibility that it may in fact be an intrinsic
property of the loose group mass function.
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1. Introduction
One important constraint of cosmological models is pro-
vided by the mass function of clusters and groups of galax-
ies. In the case of popular CDM models the amplitude
and shape of the mass function depend primarily on the
mean density of matter in the Universe, Ωm = Ωc + Ωb,
where Ωc and Ωb are the mean densities of the cold dark
matter and baryonic matter in units of the critical cos-
mological density, respectively. The amplitude of the mass
function also depends on the amplitude of the power spec-
trum of density fluctuations, which can be characterised
by the σ8 parameter (the linearly extrapolated rms density
fluctuations in a sphere of a radius of 8 h−1 Mpc).
Determination of the cluster mass function consists of
two tasks: calculation of cluster masses, and estimation of
the spatial density of clusters. Masses of clusters are de-
rived using either X-ray data and the mass-temperature
relation or data from optical surveys using the velocity
dispersion of galaxies in clusters (virial masses). In a pio-
neering study by Bahcall and Cen (1993; hereafter BC93),
both mass determination methods were used. Masses were
derived for Abell clusters of all richness classes and for
groups of galaxies. Girardi et al. (1998, hereafter G98),
and Pierpaoli et al. (2001) calculated virial masses of
nearby clusters. The spatial density of massive clusters
of galaxies, according to G98, exceeds the density found
by BC93 by a factor of almost ten. As shown by G98, this
dierence is mainly due to the fact that BC93 assumed a
one-to-one correspondence between the richness of a clus-
ter and its mass, whereas in reality this relationship has a
large scatter. We shall use for comparison below the G98
mass function. For a smaller mass range a new determina-
tion of the mass function is also provided by Girardi and
Giuricin (2000).
The sample of loose groups of galaxies identied in
the Las Campanas Redshift Survey (LCRS) by Tucker et
al. (2000, hereafter TUC) provides a possibility to get a
new independent estimate of the mass function of clus-
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ters and groups of galaxies. Loose groups represent the
most numerous component of galaxy clustering, and so
we should be able to determine their statistical properties
much better than those for rare rich clusters of galaxies.
The masses of loose groups of galaxies in the LCRS range
from M  1012M to 1015M; these masses were esti-
mated by TUC using velocity dispersions of galaxies and
eective radii of groups.
In this paper we shall estimate the mass function of
LCRS loose groups. Our main task is to derive the spa-
tial density of groups of various mass. The volume of the
LCRS sample is well determined, thus we hope to get an
unbiased estimate of the spatial density of groups. We also
shall compare the empirical mass function with theoret-
ical mass functions found using numerical simulations of
structure evolution. This comparison allows us to check
the consistency of structure evolution models with em-
pirical data and to nd the set of cosmological parame-
ters which brings models into agreement with data. We
also can determine the mass interval where the sample of
groups is not influenced by selection eects.
2. The Data
2.1. Observations
The LCRS (Shectman et al. 1996 ) is an optically selected
galaxy redshift survey where a multi{object spectrograph
was used to measure simultaneously redshifts of 50 { 112
galaxies. Extending to a redshift of z  0.2, the catalogue
covers 6 slices of size on average 1.5  80, containing
23,967 galaxies with measured redshifts within the o-
cial survey photometric and geometric limits. Three slices
are located in the northern Galactic hemisphere, centred
at declinations δ = −3, − 6, − 12, and the other
three slices are located in the southern Galactic hemi-
sphere, centred at declinations δ = −39, − 42, − 45.
TUC applied a friends-of-friends (FoF) percolation algo-
rithm to extract a catalogue of Las Campanas loose groups
of galaxies (hereafter LCLG). The linking parameter was
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chosen to get a density enhancement limit of δn/n  80.
The minimum group membership was chosen to be three.
Because the spectroscopy was carried out for each eld
either via a 50 or via a 112 bre multiobject spectrograph,
the selection criteria varied from eld to eld. The nominal
apparent magnitude limits for 50 bre elds were 16.0 
R  17.3 and for 112 bre elds the limits were 15 
R  17.7. According to TUC great eort was put forth
in accounting for these eld-to-eld sampling variations.
TUC concluded that 50 bre elds represent only 20 % of
the whole sample and thus they can be ignored without
crucial statistical problems. Also, the general properties
of the both 50 bre and the 112 bre groups agree well
with properties of groups found from other surveys.
Only groups with redshifts 10, 000  cz  45, 000
km s−1 were included into the LCLG sample. TUC con-
cluded that the LCLG is a useful sample for a variety of
studies requiring an unbiased collection of loose groups.
It is based on the LCRS galaxy sample, which is the rst
redshift survey that can claim to enclose a reasonably fair
sample of the nearby universe.
The complete LCLG list includes 1495 groups. TUC
also introduced a \clean sample", where groups with four
potential bias factors are excluded: 1) groups which are
too close to a slice edge, 2) groups which have the cross-
ing time greater than the Hubble time, 3) groups with
the corrected velocity dispersion zero, and 4) groups con-
taining a 55 arc-sec orphan galaxy, i.e. a galaxy with no
measured redshift. The last bias was caused by technical
reasons (the bre separation limit, which prevents the ob-
servation of neighbouring galaxies within 55 arc-seconds
of each other). In the full sample this eect was compen-
sated for by reintroducing lost galaxies, assigning to them
a redshift equal to that of its nearest neighbour, convolved
with a Gaussian of width σ = 200 km s−1.
2.2. Simulations
A low density CDM universe with a cosmological con-
stant (CDM) is widely regarded as the best model com-
patible with most of the currently available data; e.g.
with the microwave background anisotropy measured by
BOOMERANG (de Bernardis et al. 2000) and MAXIMA
I (Hanany 2000) experiments, and with data on the large
scale structure of the universe: two-point correlations and
power spectra, and the spatial density of mass-limited
samples of galaxy clusters (Governato et al. 1999 and Col-
berg et al. 2001 , Pierpaoli et al. 2001).
For the present study we employ a flat cosmological
model (Ωm + ΩΛ = Ω0) with the following parameters:
the total density Ω0 = 1, the matter density Ωm = 0.3,
the baryonic density Ωb = 0.04, the vacuum energy den-
sity (cosmological constant) ΩΛ = 0.7, and the Hubble
constant h = 0.7 (here and throughout this paper h is
the present-day Hubble constant in units of 100 km s−1
Mpc−1). The simulations were performed using a P3M
code (Couchman 1991) for a cube of 200 h−1 Mpc size and
a 2563 mesh and for the same number of particles; each
particle has a mass of 4.0 1010h−1M. The transfer func-
tion was computed using the CMBFAST code by Seljak
and Zaldarriaga (1996). The rms mass density fluctuation
parameter of this model is σ8 = 0.87.
We also calculated an additional model with the
same code with 1283 particles in a cube of size L =
100 h−1 Mpc, using the cosmological parameters Ωm =
0.3, ΩΛ = 0.7, Ωb = 0.05, and h = 0.65; this COBE
normalised model has the density fluctuation parameter
σ8 = 0.78. This value is supported by the recent analysis
of the 2dF data (Lahav et al. 2002).
We used the FoF algorithm to identify CDM halos.
The only free parameter in the FoF method is the linking
length, which is dened as the maximum separation be-
tween particles which are still joined into groups. In our
case the linking length was chosen as 0.23 in units of the
mean particle separation, which approximately selects the
matter density contrast δn/n = 80. This density contrast
was the one chosen by TUC to extract the group catalogue
from LCRS, and it is typical of the values used in extract-
ing groups from observational galaxy catalogues. While in
the Einstein-de Sitter universe the overdensity within the
virial radius of a cluster is δn/n = 178, in a low density
spatially flat universe with a cosmological constant it is
δn/n  178Ω−0.6m (White et al. 1993). The corresponding
overdensity for our simulation is δn/n  366. This means
that the group sample determined using a low density con-
trast (δn/n = 80) contains groups which can be in an un-
certain dynamical stage and do not have to be virialised.
When particles outside the virialised core are included in
the groups, the masses of simulated groups may be over-
estimated. For comparison we also used results of publicly
available numerical simulations of the Virgo consortium1,
selecting FoF-groups with a linking length of 0.2 of the
mean inter-particle separation (Jenkins et al. 1998).
3. Results
3.1. Mass function of LCLGs
The mass function (MF) of galaxy clusters is dened as
the number density of clusters above a given mass M ,
n(> M). To construct the cluster/group mass function
from a cluster sample one needs accurate cluster masses
and a well dened volume and selection functions of the
sample. We have used the masses estimated by TUC, who
took as an assumption that the groups were virialised and





where G is the gravitational constant, Rh is the harmonic
radius of the group, σlos is the group line-of-sight velocity
dispersion, and d = 6 is a constant depending on the dy-
1 http://www.MPA-Garching.MPG.DE/Virgo/
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namics of the group. TUC has chosen d = 6. In the case of
the LCRS sample the selection functions depend, among
other factors, on dierences between the 50 and 112 bre
elds (for details see TUC and Lin et al. 1996).




(r32 − r31); (2)
here δm is the mean declination of the slice, δ and α are
the widths of slices in declination and right ascension (in
radians), and r1 and r2 are the lower and upper distance
used in calculations. We used identical limits in redshift
range (r1 = 119 h−1 Mpc and r2 = 447 h−1 Mpc) for
all slices. All slices of the LCRS catalogue are complete
in this region. The widths of all slices in right ascension
were limited to 75 degrees. Furthermore, we limited the
thickness of slices by the minimum and maximum δ of
LCLG groups to ensure the completeness of the group
catalogue.
The comoving cosmological distance r, is a function of










where the function E(z) is given by
E2(z) = Ωm(1 + z)3 + (1 − Ωm − ΩΛ)(1 + z)2 + ΩΛ. (4)
The LCLG survey extends up to the redshift z  0.15.
Tucker et al. 2000 used the Einstein-de Sitter cosmology
(assuming that Ωm = 1, ΩΛ = 0) to determine distances
in the LCLG survey, while modern data prefer parame-
ters Ωm=0.3 and ΩΛ=0.7. This means that for the par-
ticular redshift range 11, 900  cz  44, 700 km s−1 the
ratio between the comoving volumes in these two models
VLCLG/Vsim is 0.79. We added this eect in our volume
denition, althought at such redshifts the eect is still rel-
atively small.
Because we restricted the volumes of the slices, part
of the data was lost and the total number of groups de-
creased from 1495 to 1038. The numbers of groups for all
slices in the LCLG catalogue are shown in Table 1. Only
groups with dened mass are included (for some groups
the velocity dispersion corrected for random errors is zero
and the mass determination is impossible).
The MF was constructed by sorting the masses in log-
arithmic bins of width 0.2. In each bin the error was esti-
mated using the Poisson statistics. Fig. 1 shows the mass
function of LCLG for all six slices. Error bars are plotted
only for one case for clarity. There is a clear dierence
in the MF between slices, with a maximum amplitude of
two times. Two of the northern slices dier from others,
having the highest and the lowest amplitudes at the faint
end of the MF. In particular, the slice δ = −6 seems to
dier considerably from other slices. We suppose that this
discrepancy between mass functions are due to the eect
of the eld-to-eld sampling since the slice δ = −6 is ob-
served by the 50 bre spectrograph only. The remaining
dierences are probably due to cosmic noise. Einasto et
Table 1. The numbers of groups in the LCLG catalogue.
Columns are: mean declination of the slice, all data by TUC,
the clean sample, the volume limited sample and the volume
of the each slice.
Slice δ TUC Clean vol. lim. Volume [Mpc3/h3]
−3 256 80 234 1198812
−6 133 37 123 1126567
−12 256 73 236 1149089
−39 225 71 136 913151
−42 234 69 149 916817
−45 238 63 160 854353




















Fig. 1. The cumulative mass functions for all six slices in the
LCLG. The curves from top to bottom labelled as their are at
the low mass end. Poisson errors are shown for one case.
al. (2002) showed that slices of the LCRS survey intersect
large voids and superclusters. In such slices, loose groups
form a variety of structures that may influence the ob-
served mass function at its massive end, since the most
massive groups (clusters) are associated with the super-
cluster structures.
To have a general picture we added slices together and
found the average mass function. Fig. 2 shows the com-
bined mass function of the slices using all groups within
the sample boundaries (volume limited) and the mass
function of the clean sample. Both distributions are very
similar, which indicates that the possible biases in the
whole LCLG sample are unimportant for the MF. We also
tried excluding the slice δ = −6 and found that it has
only a weak influence on the total MF.
Figures 1 and 2 show clearly the flattening of the mass
functions at the low mass end. Such flattening is usually
interpreted as the result of incompleteness of the sam-
ple (Girardi et al. 1998), although it could also be real,
describing the diminishing number of clusters of smaller
masses. Thus, we should study the completeness problem
in more detail.














Fig. 2. The mass function of the LCLG is shown for all groups















Fig. 3. The dierential velocity dispersion function (VDF) for
the LCLG.
To estimate the mass completeness limit of the LCLG
we may use the velocity dispersion distribution function,
VDF (Fadda 1996). The VDF is dened similarly to the
MF, but for the velocity dispersion of clusters. Velocity
dispersion is a more robust way to describe observational
data since a second uncertain observational parameter, the
cluster radius, is excluded. Assuming that the VDF can be
described by a simple power law function (note that this
assumption does not have a clear physical justication),
Fadda et al. (1996) set the completeness limit for their
sample at the point where the power-law exponent of the
VDF starts to change. For the LCLG this point is reached
at the line-of-sight velocity dispersion σlos  250 km/s.
Figure 3 shows the dierential velocity function for the
LCLG.
Figure 4 shows the relation between σlos and mass M











Fig. 4. The velocity dispersion as a function of the mass for
the LCLG. The line shows the analytical (least square) t.
these quantities via the harmonic radius of the group. The
dotted line illustrates a power-law t:






where a = 819 km/s and b = 0.35. The result is in quite
good agreement with previous results by Del Popolo et al.
(2000 and references therein), a = 842 km/s and b = 0.33,
based on N-body simulations and X-ray observations. A
value 1/3 for the exponent b means that the system is
virialised. The fact that the LCLG follow rather closely
the virial relation shows that the possible contamination
is small and the groups are physical. Setting the com-
pleteness limit at σlos = 250 km/s, based on the VDF,
in equation (5), we get an estimate for the completeness
limit in mass M  5  1013h−1M.
3.2. Clusters in simulations
Figure 5 shows the velocity dispersion of dark matter par-
ticles in groups as a function of halo mass in our numerical
simulations. We see that in small groups with mass less
than  1013h−1M (which contain less than  250 parti-
cles) the scatter of the velocity dispersion is very large.
This phenomenon can be explained if we assume that
small groups are not yet virialised and are contaminated
by non-virialised particles, or alternatively are composed
of several small subgroups moving fast relative to each
other. Another explanation for this eect is that it is a
result of the chosen δn/n | the FoF algorithm collects
particles from outskirts of small clusters although they
do not belong dynamically to the group. The fraction of
interlopers in simulated loose groups can become rather
high, about 20{30%, as found by Diaferio et al. (1999).
To test the second assumption we built groups, using a
lower linking length b = 0.17 (in units of the mean particle
separation). This did not change considerably the scatter
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Fig. 5. The left panel shows the velocity dispersion of dark matter particles in halos as a function of the halo mass. One-to-one
correspondence between the number of particles and the halo mass is adopted. The right panel gives the same relation, but
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Fig. 6. A model probability distribution of the group velocity
dispersion and the number of mass points in the group. The
integrated probability levels are 99, 95, 90, 75, and 50% from
outside in.
of velocity dispersion among groups with less then 250
particles. Thus the rst explanation is more likely.
This situation can be described, in principle, by a sim-
ple model for the probability distribution for the velocity
dispersion S = σ2(v), assuming that the halos can be rep-
resented as a sum of two populations { virialised halos and
unbounded, chance groups of eld particles. The rst pop-
ulation of virialised halos can be modelled by a virial re-
lation S = CN2/3, where the coecient C depends on the
geometry, velocity distribution and the mean density of
clusters. As the FoF parameter xes the minimum density
of clusters, the density of a cluster could also be higher,
and the coecient C is a random number. We model its
distribution by a Gaussian that is truncated from left up
to the mean value of C.
The probability distribution of the second, unbound
component can be found if we assume that the velocity
distribution of eld points (galaxies) is Gaussian with a












where χ2k is the usual notation for a sum of squares of
N(0,1) distributed random numbers. Using the well-known











where m = (N − 1)/2. We have written this probabil-
ity density as f(SjN) to stress that it describes the con-
ditional probability distribution of group velocity disper-
sions for given N . The full probability distribution f(S, N)
can be obtained by choosing a model membership distri-
bution (mass function) for chance groups fc(N) in
fc(S, N) = fc(N)f(SjN). (7)
The probability distribution for σ =
p
S is fσ(σ) =
2σfS(S = σ2).
Figure 6 shows the probability levels for a model dis-
tribution, where the velocity dispersion for eld particles
was chosen as σf = 250 km/s, the ’mass function’ for
chance groups as fc(N)  N−2.8, the relative number of
chance groups to the total number of groups as 0.3, and
the mass function for virialised groups as f(N)  N−1.5,
close to the observed mass function (Jenkins et al. 2001).
This last mass function has been used to modify the veloc-
ity dispersion distribution for virialised groups similarly to
equation (7). We also note that the probability distribu-
tion of the sizes of chance groups has a much larger tail
than the exponential tail appropriate for groups drawn
from a Poisson distribution. This models the fact that the
chance groups are mostly artifacts of numerical modelling
of a self-gravitating ensemble. We also excluded a small-
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amplitude tail of chance groups with velocity dispersions
lower than the virial limit | such groups would become
virialised in self-gravitating environment.
We see that although the model is rather crude, it de-
scribes well the main features of the σ(v) vs N distribution
in numerical simulations (see Figure 5) .
To eliminate the eect of unbound groups in simula-
tions we calculated both the potential and kinetic energy
for all groups and excluded unbound particles, using the
condition Epot < 0.8Ekin (Epot is the potential energy
and Ekin the kinetic energy of a group) for the unbound
groups. We split o groups with a high kinetic energy T as
compared to the potential energy to separate interacting
or merging groups. To this aim we employed a 6D-group
nder with a linking measure r2/r2 + v2/σ2v, where
r and σv are the eective (half-mass) radius and the ve-
locity dispersion of the unbound groups. This procedure
aected only about 10% of the halos, with many of the ha-
los having a small number of DM particles. We show our
results in the right panel of Figure 5 which is similar to
the left panel, only non-virialised particles and bypassing
groups are excluded. We see that our procedure to elim-
inate non-virialised particles works well | the low-mass
groups continue the same trend as observed for high-mass
groups and clusters.
We have calculated theoretical mass functions for the
sample of all groups and for the sample of virialised
groups. These functions are very similar, only for groups
of very small mass (M > 1012 h−1M) the MF of viri-
alised groups diers from that of all groups less than 1%.
Thus the contribution of the unbound groups to the total
mass function is practically negligible.
4. Analysis
Figure 7 shows the mass function of dark matter halos in
our simulation together with MF of the LCLG. For com-
parison, the mass function of the simulations by Virgo
Consortium, CDM-gif, (Jenkins et al. 1998, Kaumann
et al. 1999a) has been plotted. In the Virgo simulation
the side of the box was 141.3 h−1 Mpc, the matter density
Ωm = 0.3, the cosmological term ΩΛ = 0.7, the particle
mass 1.40  1010M/h, and the number of the particles
2563. The mass functions determined by Girardi et al.
(1998) and Girardi & Giuricin (2000) are also shown, al-
though these authors estimated the cluster masses in a
dierent way, within a 1.5 h−1 Mpc radius. The median
radius of the LCLG groups is only  0.6 h−1 Mpc.
Girardi et al. (1998) found that at the mass M = 4 
1014h−1M (their completeness limit), the value of the
MF was N(> M) = (6.3  1.2)  10−6(h−1M−3 ). For the
MF of the LCLG the corresponding value is N(> M) =
(1.8 0.6)  10−6h−1M−3 .
We see that in the high mass range (M  1014h−1M)
the observed MFs are rather similar. Around M  3 


















Fig. 7. Comparison of the observed and theoretical mass
functions. Observations are shown with symbols: lled circles
(LCLG), triangles with error bars (Girardi et al. 1998) and
stars Girardi & Giuricin (2000). Dashed line shows our 2563
simulation (σ8 = 0.87), solid line shows our 128
3 simulation
(σ8 = 0.78), and dotted line shows the Virgo Consortium sim-
ulation.
is within observational errors. But at lower masses the
mass function by Girardi & Giuricin (2000) is considerably
higher than the LCLG mass function.
The cluster MFs in the Virgo Consortium simulation
and in our 2563 simulation are quite similar. These simu-
lations are in good agreement with the observed MF ac-
cording to G98 in the mass range 2−3 1014 h−1M. Our
1283 simulation with the amplitude parameter σ8 = 0.78
gives the best t to the LCRS data.
At smaller masses the mass function of LCLG is con-
siderably flatter than other, empirical and simulated mass
functions. To get a better picture of the mass varia-
tion in dierent scales we nd the dierential mass func-
tion dN/dM , n(> M). Figure 8 shows the dieren-
tial mass function of the LCLG, our simulations (σ8 =
0.78) and Virgo consortium simulations. The slope of
the LCLG starts to dier from our simulations around
M  1014M/h. Thus we come to the conclusion that
the incompleteness of the LCRS group sample starts al-
ready at higher mass values as expected from the analysis
of the velocity dispersion in previous sections.
This is an intriguing result that certainly needs further
analysis. We see that, although loose groups promise to
provide better statistics, there are a number of unsolved
problems that do not necessarily permit a realisation of
this promise at the moment. Evidently, the main problem
is reliable determination of masses of small groups. The
virial mass estimates can be in error; Girardi and Giuricin
(2000) try to correct for this. Their correction is rather
complicated and could induce its own errors.
The simplest explanation of the dierence between the
mass function found in the present paper and that of Gi-
rardi and Giuricin (2000) is a mass-dependent selectio ef-
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fect. LCRS is biased against low surface brightness galax-
ies; this is a selection eect which is probably much less
present in the Lyon-Meudon galaxy catalogue from which
Girardi and Giuricin (2000) extracted their loose groups.
If low surface brightness galaxies are more prevalent in
lower mass groups { which is plausible { the LCLG mass
function would flatten out as is seen in Fig. 7.
We remind the reader that the basic requirement used
in building the LCLG catalogue was that a group should
have at least three members. This is, in principle, a se-
lection eect, which can be quantied. The n  3 crite-
rion does certainly aect the normalisation of the mass
function (Fig. 1). As LCRS galaxies span a rather lim-
ited luminosity interval, it is quite likely that groups of
smaller masses cannot host several bright galaxies. Dilu-
tion of the sample decreases the probability to nd enough
bright galaxies to form a group. For instance, the observed
number of groups in the −6 slice (mostly 50-bre elds)
is only about half the observed number of groups in the
−12 slice (entirely 112-bre elds). Thus, if we are miss-
ing galaxies in our sample, we are going to miss groups.
However, a similar requirement was used to build the Gar-
cia catalogue of local groups (1998), which is the source
for the Girardi and Giuricin (2000) mass function.
The role of selection eects in the LCLG catalogue
needs to be claried { if the incompleteness is as large as
indicated by the mass function, the reasons for this should
be found, and the dierences between the LCLGs and
the Garcia catalogue of nearby groups 1998 loose groups
should be identied.
The Girardi and Giuricin (2000) mass function seems
to coincide better with the mass functions obtained from
simulations, but the simulated groups could also suer
from numerical eects. Although we succeeded in ltering
out unbound groups, the widening of the region populated
by virialised groups toward the small mass end indicates
that something might be wrong here (compare it with the
expected behaviour in our model in Fig. 6). This widening
could be caused, rst, by predominance of radial orbits in
small groups; but this is a rather small eect. The only
other possibility is that small groups have a much higher
density spread that large groups, which is unphysical and
could be caused by a numerical eect, gravitational two-
body collisions. It is known that P3M simulations suer
from that (Suisalu and Saar 1995, Splinter et al. 1998),
but the eect has been dicult to quantify. So, if the large
number of small halos in the simulation is caused by two-
body collisions, the real mass function could well be flat,
as suggested by the LCLG mass function.
5. Conclusion
In this work we presented the mass function of the Las
Campanas Loose Groups (Tucker et al. 2000). The mass

















Fig. 8. Dierential mass functions: LCLG (lled circles), our
2563 simulation (dashed line), our 1283 simulation (solid line),
and Virgo consortium simulations (dots).
Table 2. The cumulative mass function of LCLG









Our main conclusions are:
1) The completeness interval of the LCLG sample is
found to be around 1014M/h  M  8 1014M/h.
2) In this mass range the mass function of the LCLG
sample follows fairly well the MF found in simulations
with rms density fluctuation parameter σ8 = 0.78.
3) At small masses M < 1014 M/h the LCRS sam-
ple of loose groups flattens out. This could probably be
explained by selection eects, although it could also be a
real eect.
4) We calculate the relation between the mass and ve-
locity dispersion for model clusters; the excess of high ve-
locity dispersion clusters of low mass is explained by the
influence of non-virialised particles and bypassing satellite
clusters.
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